We have carried out the first very long baseline interferometry (VLBI) imaging of 44 GHz class I methanol maser (7 0 −6 1 A + ) associated with a millimeter core MM2 in a massive star-forming region IRAS 18151−1208 with KaVA (KVN and VERA Array), which is a newly combined array of KVN (Korean VLBI Network) and VERA (VLBI Exploration of Radio Astrometry). We have succeeded in imaging compact maser features with a synthesized beam size of 2.7 milliarcseconds × 1.5 milliarcseconds (mas). These features are detected at a limited number of baselines within the length of shorter than ≈ 650 km corresponding to 100 Mλ in the uv-coverage. The central velocity and the velocity width of the 44 GHz methanol maser are consistent with those of the quiescent gas rather than the outflow traced by the SiO thermal line. The minimum component size among the maser features is ∼ 5 mas × 2 mas, which corresponds to the linear size of ∼ 15 AU × 6 AU assuming a distance of 3 kpc. The brightness temperatures of these features range from ∼ 3.5 × 10 8 to 1.0 × 10 10 K, which are higher than estimated lower limit from a previous Very Large Array observation with the highest spatial resolution of ∼ 50 mas. The 44 GHz class I methanol maser in IRAS 18151−1208 is found to be associated with the MM2 core, which is thought to be less evolved than another millimeter core MM1 associated with the 6.7 GHz class II methanol maser.
Introduction
Methanol masers are known to be associated with star-forming regions. They are classified into two series of transitions called class I and class II (Menten 1991) .
The class I and II methanol masers are considered to be excited by collisional (e.g., Cragg et al. 1992 ) and radiative pumping mechanisms (e.g., Sobolev & Deguchi 1994; Cragg et al. 2005) , respectively. In general, the class I methanol masers are likely to be associated with interacting regions between outflows and dense ambient gases in both low-and high-mass star-forming regions (e.g., Plambeck & Menten 1990; Kalenskii et al. 2010 ). In contrast, the class II methanol masers are centrally concentrated around hot molecular cores, ultracompact (UC) Hii regions, OH masers and near-IR sources only in high-mass star-forming regions (e.g., Minier et al. 2003; Xu et al. 2008; Cyganowski et al. 2009; Breen et al. 2013) , and possibly associated with disk-like structures and outflows around massive young stellar objects (e.g., Bartkiewicz et al. 2009; De Buizer 2003) . The class I and II methanol masers are complementary, and proper motion measurements of both maser lines are important to understand three-dimensional velocity structures of massive young stellar objects associated with jet/outflow/circumstellar disk systems. The class I and II methanol masers also hold a possibility of evolutionary tracers, but the relationship between them is still unclear (e.g., Ellingsen et al. 2007; Breen et al. 2010; Fontani et al. 2010 ).
The 5 1 −6 0 A + methanol maser at 6.7 GHz is one of the brightest maser species, and classified as the class II. The 6.7 GHz methanol-maser emitting sources have been widely investigated with radio interferometers such as ATCA and Very Large Array (VLA; e.g., Walsh et al. 1998) , and very long baseline interferometry (VLBI; e.g., Sugiyama et al. 2008; Bartkiewicz et al. 2009 ). In contrast, the 7 0 −6 1 A + methanol maser at 44 GHz is representative of the class I methanol maser. Recently, the 44 GHz methanol masers -5 -have been extensively observed with single-dish radio telescopes and connected-element interferometers (e.g., Kurtz et al. 2004 ).
However, there is a difficulty in observing the class I methanol masers at high angular resolution. Previous VLBI observations of the class I methanol masers (the 8 0 −7 1 A + transition at 95.2 GHz: Lonsdale et al. 1998 ) have failed to detect any fringes for several strong class I methanol maser sources. As the results of the VLA observations (e.g., Slysh et al. 2002; Polushkin et al. 2009 ) and the negative results of Lonsdale et al. (1998) , spot sizes of the class I methanol masers are expected to be between several milliarcseconds (mas) and ∼ 50 mas. Because of such extended structures, it has been recognized that the class I methanol masers are easily resolved out and hence, hardly detected with current VLBI instruments with a typical angular resolution of an order of ∼ 1 mas. Thus, there was no report for successful imaging of the class I methanol masers with VLBI to date.
Recently, a new VLBI instrument, Korean VLBI Network (KVN) has been constructed, which consists of three 21 m radio telescopes (Lee et al. 2014) . Since the maximum baseline length of KVN is ∼ 500 km (θ beam ∼ 3 mas at 44 GHz), it is the most suitable for conducting VLBI observations of the 44 GHz class I methanol masers (K. T. Kim et al., in preparation) .
To conduct high quality VLBI imaging, we extend the array by including four stations of VLBI Exploration of Radio Astrometry (VERA), which is another VLBI network in Japan.
In this Letter, we report on the first result of our VLBI imaging observation of the 44 GHz methanol maser line toward a star-forming region providing the highest angular resolution image. Our target source is one of the brightest 44 GHz methanol maser sources, IRAS 18151−1208 MM2. The distance of this source was estimated to be 3 kpc (Sridharan et al. 2005) . This source was detected in the course of a KVN single-dish survey with a total flux density of about 500 Jy (K. T. Kim et al., in preparation) , and hence, it is an ideal target to conduct high-resolution VLBI observations with KaVA (KVN and VERA -6 -Array), which is a newly combined array of KVN and VERA, with the longest baseline length of ∼ 2,300 km (Niinuma et al. 2014) . (Chikada et al. 1991) . The resultant auto-correlation and cross-correlation spectra consist of 1024 spectral points with a frequency spacing of 31.25 kHz (∼ 0.21 km s −1 ) in two -7 -Data reduction was performed using the NRAO AIPS package by applying a standard procedure. At first, the two datasets, correlated with DiFX and Mitaka FX, were calibrated separately as follows. The delay and the delay-rate offset were calibrated using NRAO 530.
Observation and data reduction
Bandpass responses were also calibrated using NRAO 530. Amplitude calibrations were performed by a template method using the total-power spectra of the 44 GHz methanol Finally, the maser positions, fluxes, and sizes were derived by Gaussian fitting to each maser component in the identified three maser features using the AIPS task JMFIT (Table 1) . To avoid influences from complicated structures of weak components, we employed image pixels with the intensity greater than the 90 % of the peak intensity in the fitting. These maser components in the three maser features have S/N greater than 10 as seen in Table 1 and Figures 1 (a) and (b). These peak intensities in the deconvolved maps correspond to 1.4−8.3 times the cut-off S/N in the imaging process. than ∼ 20 Jy. Thus, 27 % of the emission can be recovered with our VLBI images and the remaining 73 % is completely resolved out. This means that the 44 GHz methanol maser emission is not a compact point source but is dominated by a spatially extended structure.
Results
Such an extended structure of each feature is also shown in a uv-distance plot (Figure 3 ). This plot shows a variation of the visibility amplitude with the uv-distance for Table 1 .
Discussions
We have succeeded in detecting the 44 GHz methanol maser features around the IRAS 18151−1208 MM2 using newly organized KaVA. This is the first VLBI image of the class I methanol maser line at 44 GHz with the highest angular resolution of about 2 mas.
Thanks to the high angular resolution, our results suggest that the 44 GHz methanol masers also have compact components with the sizes of a few tens of AU that are detectable by VLBI observations. With further observations of the class I methanol masers, it will be possible to provide three-dimensional velocity maps including radial velocities and In our VLBI images, the minimum size among the maser features is estimated to be 2−4 mas, and the maximum brightness temperature is estimated to be ∼ 10 10 K. This brightness temperature is much higher by two to four orders of magnitude than those estimated by previous lower resolution observations with VLA (e.g., Kogan & Slysh 1998; Slysh et al. 2002) . This is the first case determining the brightness temperature for the class I methanol masers with a sufficiently high spatial resolution, and consistent with the previous suggestions (e.g., Kogan & Slysh 1998; Slysh et al. 2002) .
As seen in Figure 2 , the central velocity of the 44 GHz methanol maser agrees well with the ambient molecular gas traced by the H 13 CO + thermal line (see Figure 1 of Sakai et al. 2010 ). Although it is proposed that the 44 GHz methanol maser is excited in the shocked molecular gas, both central velocity and its velocity range are not well correlated with the outflows traced by the SiO thermal line (see Figure 1 of Sakai et al. 2010) . It is consistent with previous interpretations for other sources that the class I methanol maser at 95 GHz traces intermediate gas around interaction regions with protostellar outflows and ambient quiescent molecular gas (Plambeck & Menten 1990 ).
-12 -
In the IRAS 18151−1208 region, there are four millimeter massive cores labeled MM1 to MM4 (Beuther et al. 2002a ) and two of them, MM1 and MM2, are associated with maser emissions (Beuther et al. 2002b ). The 6.7 GHz class II methanol maser is detected toward MM1 (e.g., Beuther et al. 2002b ), and the 22 GHz H 2 O maser is detected toward both MM1 (Valdettaro et al. 2001 ) and MM2 (Beuther et al. 2002b ). These water/methanol maser lines and CO outflows (Marseille et al. 2008 ) are signposts of young stellar objects.
MM2 is considered as a chemically and dynamically less-evolved massive core than MM1 (e.g., Marseille et al. 2008; Sakai et al. 2010; Chen et al. 2011a; Ragan et al. 2012) .
MM1 is the birthplace of a massive young stellar object, possibly a pre-UC Hii region (e.g., Campbell et al. 2008; Marseille et al. 2008) . In fact, around the MM1 position, radio continuum emissions are detected at λ ∼ 1.3 cm (Beuther et al. 2009; Hofner et al. 2011) and 3.6 cm (Carral et al. 1999) , which are interpreted as shock-ionized flows/jets rather than UC Hii region (Hofner et al. 2011 ). In contrast, there is no detection of the 6.7 GHz methanol maser or radio continuum at cm-wavelength around the MM2 position.
Based on infrared observations, MM1 is also identified as a high-mass protostellar object with a point source of MSX 8 µm and Spitzer 24 µm emissions (Sakai et al. 2012) , while MM2 is an MSX dark source and associated with the Spitzer 24 µm emission (Sakai et al. 2012) . Herschel data also show that MM1 and MM2 are associated with far-infrared point sources in 70−500 µm images, and MM1 is brighter than MM2 (Ragan et al. 2012) . From the Herschel data, the masses of MM1 and MM2 cores are estimated to be 106 M ⊙ and 81 M ⊙ , respectively (Ragan et al. 2012 ).
All these characteristics suggest that the evolutionary stage of MM2 could be earlier than MM1. While we cannot rule out a possibility that MM2 does not host any massive young stellar objects judging from a non-detection of the 6.7 GHz class II methanol maser, it is a potential site of massive star formation with a sufficient mass of 81 M ⊙ . If this is -13 -the case, our result suggests that the 44 GHz class I methanol maser tends to appear in an earlier evolutionary phase than that traced by the 6.7 GHz class II methanol maser in the IRAS 18151−1208 region. It is consistently explained by one of the currently proposed scenarios of the evolutionary phase of massive star-forming regions that the class I methanol masers appear in a younger phase than the class II methanol masers (Ellingsen et al. 2007 ).
However, other observational studies claimed another trend in which the class I methanol masers may be associated with more than one evolutionary stage (i.e., hot core and UC Hii) during formation of massive young stellar objects (Voronkov et al. 2010; Chen et al. 2011b; Cyganowski et al. 2012) . One possible reason for such a discrepancy would be insufficient spatial resolutions employed in some of the survey observations with single-dish telescopes, which could be affected by the complicated structure of massive star-forming regions as found in our target source IRAS 18151−1208. Thus, further high-angular resolution observations of a much larger sample of methanol maser sources are required to discuss the evolutionary stage of massive young stellar objects with maser species. VLBI observations of the 44 GHz methanol masers will be powerful tools to provide their accurate positions and proper motions, which are crucial to identifying the powering source of masers.
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